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Abstract: Chickpea is a key crop in sustainable cropping systems and for its nutritional value. 
Studies on agronomic and genetic influences on chickpea protein composition are missing. In order 
to obtain a deep insight into the genetic response of chickpeas to management in relation to agro-
nomic and quality traits, a two-year field trial was carried out with eight chickpea genotypes under 
an organic and conventional cropping system. Protein composition was assessed by SDS-PAGE in 
relation to the main fractions (vicilin, convicilin, legumin, lectin, 2s-albumin). Crop response was 
highly influenced by year and presumably also by management, with a −50% decrease in grain 
yield under organic farming, mainly due to a reduction in seed number per m2. No effect of crop 
management was observed on protein content, despite significant differences in terms of protein 
composition. The ratio between the major globulins, 7s vicilin and 11s legumin, showed a negative 
relationship with grain yield and was found to be higher under organic farming. Among geno-
types, black-seed Nero Senise was characterized by the highest productivity and water-holding 
capacity, associated with low lectin content. These findings highlight the importance of the choice 
of chickpea genotypes for cultivation under organic farming in relation to both agronomic per-
formance and technological and health quality. 
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1. Introduction 
Legumes are considered the second most important source of human food after ce-

reals, with pulses including only those species belonging to the legume family and whose 
product is represented by dry grain to be used as it is, according to the FAO classification 
[1]. Legumes have a key role in crop rotation, especially for their nitrogen-fixing ability, 
which is particularly advantageous for cereals [2]. Grain legumes are a valuable source of 
food proteins, but also of other nutrients such as starch, dietary fiber, vitamins, minerals 
and phenols [3]. In order to encourage political actions to promote the cultivation of these 
valuable crops, the FAO declared 2016 to be “the International year of Pulses” (ONU 
A/RES/68/231). 

Chickpea (Cicer arietinum L.) is the third most important legume crop in the world, 
following the common bean and the pea, and one of the major ones cultivated in the 
Mediterranean basin, with an increasing trend of cultivation also in Italy [1]. 

Chickpea is one of the earliest cultivated vegetables, starting around 7450 years ago 
in the Middle East [4]. There are two main commercially available types of chickpea 
grown in the world: desi and kabuli seed types. The former has a small seed with a dark 
irregular-shaped seed coat and is grown on semi-arid land, especially Asia and Africa, 
while the latter is larger than the desi chickpea, has a thin light-colored seed coat and is 
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normally grown in temperate regions of the world, including Europe, North Africa, West 
Asia, North America and Australia [5]. The chickpea is also well adapted to temperate 
environments, such as the Mediterranean basin, due to its tolerance to moderate water 
deficit. Its main limitation is represented by ascochyta blight (AB) caused by Ascochyta 
rabiei Pass., which can lead to severe loss of grain production [6]. 

Chickpea seed is generally rich in carbohydrates (54–71%), including starch and di-
etary fiber, physiological active compounds and good-quality protein (18–26%). Proteins 
are stored in membrane-bound organelles (protein bodies) and are a store of amino acids 
for developing seedlings. As for other legumes, chickpea proteins are classified according 
to their solubility into albumins (soluble in water; 10–14%), globulins (soluble in salt so-
lutions; 55–60%), prolamins (hydro-alcoholic solutions; 2–3%) and glutelin (acid/alkali 
solutions; 18%). Globulins are composed of the two major groups, classified on the basis 
of the sedimentation index into 11s legumin and 7s vicilin and convicilin, which belong to 
the cupin superfamily. Within albumin fraction, the major component is represented by 
2s albumin, which consist of two subunits of 8–10 kDa and 4–5 kDa, linked by two 
di-sulfide bounds. This fraction is rich in cysteine; meanwhile, chickpea proteins are 
generally poor in sulfur amino acids. Other minor proteins include lectins, protease in-
hibitors and lipoxygenase [3,7]. 

In recent years, research activities have been focused on the exploration and char-
acterization of chickpea germplasm, in order to pursue breeding goals of biotic (AB) and 
abiotic resistance and nutritional quality [8–10]. Furthermore, the increasing interest in 
spreading pulses in crop systems is leading to the development of agronomic and crop 
physiology studies in order to promote environmental and economic sustainability 
[11–13]. Experimental studies on the improvement of chickpea productivity and food 
quality under organic farming are necessary to achieve sustainable goals. Nowadays, lit-
tle information is available on this topic, in particular with respect to the effect on health 
quality. However, preliminary studies seem encouraging [14,15]. 

The aim of the current study was to explore genetic variability in terms of response 
to different farming systems; in order to do this, eight different chickpea genotypes were 
cultivated under organic and conventional management and both agronomic and quality 
performances were evaluated in relation to the changes in protein composition, assessed 
by electrophoresis analysis. 

2. Materials and Methods 
2.1. Field Experiments 

Two experimental field trials, under conventional and organic management, were 
carried out at Foggia at the experimental farm of the Council for Agricultural Research 
and Economics, CREA-CI, Foggia (41°27′03” N, 15°30′06” E), during two consecutive 
crop years (2013/14 and 2014/15, referred to as 2014 and 2015, respectively). The genetic 
material adopted in the experiments included eight different chickpea (Cicer arietinum L.) 
genotypes selected within Italian germplasm. The seed characteristics are detailed in  
Table 1. 

A complete randomized block design was used, with three replicates, within organic 
and conventional cropping systems (OCS and CCS, respectively). The OCS was based at 
a field that had been managed under organic farming for the previous 14 years and no 
chemical inputs had been used as fertilizers or for weed control. The experimental plots 
were seeded on a field that was left fallow during the previous year. The soil used under 
the organic farming system was a clay loam (Typic Chromoxerert) with the following 
physical and chemical characteristics: 36.9 g kg−1 clay, 50.5 g kg−1 silt, 12.5 g kg−1 sand, 15 
mg kg−1 available phosphorus (Olsen method), 800 mg kg−1 exchangeable potassium, 1.4 g 
kg−1 total N and 21 g kg−1 organic matter, pH 8. An adjacent silt loam soil (Typic Chro-
moxerert) was adopted for the CCS experiment, with the following physical and chemi-
cal characteristics: 15.9 g kg−1 clay, 48.7 g kg−1 silt, 35.4 g kg−1 sand, 28 mg kg−1 available 
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phosphorus (Olsen method), 690 mg kg−1 exchangeable potassium, 1.0 g kg−1 total N and 
21g kg−1 organic matter, pH 7.8. 

Under the CCS, plots received 76 kg ha−1 P2O5 at pre-seeding and 30 kg ha−1 N ap-
plied at seedbed preparation as diammonium phosphate. Treatments with herbicides 
(Pendimethalin, 796 g a.i. ha−1) and fungicides (Azoxystrobin, 200 g a.i. ha-1) were applied 
according to local standard practices. The field trial included plots where the previous 
crop was durum wheat. 

The soil preparation of the organic and conventional fields consisted of ploughing, 
hoeing and harrowing twice before sowing. The plots consisted of three 7.5-m long rows 
that were 50 cm apart (inter-row), which were sown with 50 seeds m−2 at the beginning of 
December (sowing at 12 December 2013 and at 12 December 2014, respectively, for the 
two growing seasons), under wet conditions. A marked difference in terms of weed 
pressure occurred between the two cropping systems, with higher values under the OCS 
experiments (Table S1, supplementary material). 

Table 1. Seed characteristics of investigated chickpea (Cicer arietinum L.) genotypes. 

Genotype Seed Type Seed Color Seed Size 
Calia Rough Yellow Medium 
Kairo Rough Yellow Medium 

Nero Senise Rough Black Small 
Pascià Rough Yellow Large 

Principe Rough Yellow Large 
Reale Smooth Yellow Large 

Sultano Smooth Yellow Medium 
Vulcano Smooth Yellow Medium 

2.2. Weather Conditions 
Rainfall distribution and monthly mean maximum and minimum temperatures rel-

ative to 2014 and 2015 crop years are reported in Figure 1. The first year was wetter than 
the second one (445.6 mm in 2013/14 vs. 237.6 mm in 2014/15), both in the early and late 
growing stages. A more comparable temperature distribution was observed between the 
two crop years, with a monthly mean of daily T° max above 40 °C in the late part of grain 
maturation in the first crop year (June 2014), which was generally slightly warmer. 

  

Figure 1. Monthly rainfall distribution and mean maximum and minimum temperatures 
in 2014 (a) and 2015 (b) crop years. 
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The two crop seasons differed in terms of biotic stress, with a markedly higher in-
cidence of ascochyta blight (AB) in the wetter 2014 (10.0% vs. 0.6% of diseased plants, in 
2014 and 2015, respectively). 

2.3. Agronomic Characterization and Seed Quality 
At maturity, seeds were harvested and grain yield (GY, in kg ha−1) and seed weight 

(GW, in mg) were determined and expressed on a dry matter basis. The number of seeds 
per m2 (GNO) was calculated by dividing GY by GW. Seed nitrogen (N) concentration 
was measured with the Dumas combustion method (Leco FP528), and grain nitrogen 
uptake (GNU, in kg of N ha−1) was calculated by multiplying GY to grain N concentra-
tion. Crude protein content (PC) was determined by multiplying grain N concentration x 
6.25. Grains were ground in a Cyclotec 1093 mill (Tecator, Sweden) for chemistry analysis 
on proteins. 

2.4. Water-Holding Capacity 
Grain water-holding capacity (WHC) was determined according to a modified pro-

tocol adapted from [16]. Briefly, 5 g of flour (dry weight) was suspended in 50 mL of 
distilled water, mixed thoroughly for 30 min and then centrifuged at 5000 rpm for 10 min. 
The free water was removed from the wet flour which was then weighed. The average of 
two determinations was reported in grams of water per gram of flour. 

2.5. Protein Extraction and SDS-PAGE Analysis 
Soluble proteins were extracted from a protocol adapted from [17]. Briefly, 100 mg 

of grounded flour was suspended with 1 mL of extraction buffer (50 mM Tris–HCl, pH 
7.8, 5 mM EDTA, 0.1% 1,4-dithiothreitol) for 1 h at room temperature with constant 
mixing and centrifuged at 10,000 g for 30 min. The supernatant, containing the total sol-
uble proteins, was used to prepare samples for SDS-PAGE. The protein content in the 
supernatant was quantified according to the Bradford protocol. For each sample, 10 μL of 
extracted proteins was separated by SDS-PAGE (at 12%) using an SE 600 apparatus 
(Hoefer, Inc., Holliston, MA, USA). Gels were stained with Coomassie Brilliant Blue G250 
and digitally acquired (Epson Perfection V750pro) [18]. Molecular weight markers, from 
10 to 250 kDa, were used (Bio-Rad Co). Image analysis of gels was performed by Im-
ageQuant TL software (Amersham Biosciences). The relative amount of each protein 
band abundance was determined by densitometric analysis and expressed as a percent-
age of the total protein amount in each gel lane. The expression of four groups of proteins 
was assessed on denaturated protein bands [19]: 7s convicilin (~68–70 kDa), 7S vicilin 
(~43, 50 and 53 kDa subunits), 11s legumin (~37 and ~25 kDa as acid subunit α- and basic 
subunit β-, respectively), lectin (~32 kDa) and 2s albumin (~11 kDa), and the ratio between 
7s vicilin and 11s legumin (7s-V/11s-L) was then assessed. 

2.6. Statistical Analysis 
For each cropping system (OCS and CCS), the responses of the agronomic and 

quality parameters were subjected to a two-way (genotype, year, genotype x year) anal-
ysis of the variance (ANOVA) and means were separated by Tukey’s honestly significant 
difference (HSD, p ≤ 5%). Furthermore, the means of the OCS and the CCS were statisti-
cally compared using Student’s t-test, and percent change was reported according to this 
formula: 100 × (OCS − CCS)/CCS. The Pearson correlation analysis between agronomic 
and quality parameters and protein composition was also carried out. Statistical analysis 
was performed by JMP software (Version 8.0.2, SAS Institute Inc., 2009). 
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3. Results 
3.1. Yield and Quality Response under Conventional and Organic Cropping Systems 

The analysis of the variance (ANOVA) generally showed, under both investigated 
cropping systems (CSs), a significant effect of genotype and of crop year on the investi-
gated parameters (Table 2); their interaction, however, was not significant for grain yield 
(GY) and seed weight (GW) and was generally not significant under the organic cropping 
system (OCS) for most of the agronomic parameters. A marked environmental effect on 
grain yield (GY) and yield components was observed between the two crop years. The 
climatic conditions occurring in the first crop year (2014), wetter and warmer than the 
second one, proved favorable for biotic pressure (AB and weeds) and led to a general 
lower productivity under both cropping systems (Table 3), resulting in almost two times 
higher mean GY in the second crop year (1060 kg ha−1 in 2014 vs. 1995 kg ha−1 in 2015 
under the CCS; 525 kg ha−1 in 2014 vs. 853 kg ha−1 in 2015 under the OCS). These differ-
ences in GY were mainly associated with a higher number of seeds per m2 (GNO, 2657 vs. 
4274), while seed weight (GW) was slightly significantly affected only under the CCS 
(Table 3). Furthermore, in 2015, a significantly higher number of seeds per m2 (GNO) and 
higher grain N uptake (GNU) were observed, more marked under the CCS (Table 3). 

The investigated chickpea genotypes showed large variability in terms of agronomic 
performance under both the CCS and the OCS (Table 3). Vulcano showed the lowest GY 
while Nero Senise and Sultano were generally the most productive genotypes, with 
higher differences under the CCS with respect to the OCS. The same Nero Senise showed 
the lowest GW (234 mg under the CCS; 244 mg under the OCS) while Reale and Pascià 
showed the highest values (Table 3). GNO and GNU showed the same behavior as GY, 
with the highest values showed by Nero Senise under the CCS and the OCS in both crop 
years (Table 4). The productivity results obtained under the two experimental cropping 
systems were markedly different, as reported in Table 5. In particular, a marked yield 
gap (−58%) between the OCS and the CCS was observed, as for GNO and GNU (−56%). 
However, no difference was found in terms of GW (328 mg under the CCS; 344 mg under 
the OCS), which was mainly affected by genotype. As for the investigated quality traits, 
the crop season showed a slight significant influence on protein concentration (Table 2), 
with a different trend between the two cropping systems—under the CCS, a lower gen-
eral PC was found in the less productive year (2014); however, this effect was significant 
only for Pascià and Reale (Table 4). On the other hand, under the OCS, only Nero Senise 
showed a significantly higher PC in 2014 than in 2015, while the effect of the crop year 
was not significant for the other genotypes. The cultivar Pascià was characterized by the 
lowest mean PC (22.3% under the CCS; 22.6% under the OCS), while the highest value 
was achieved by Principe (25.2%), especially under organic management and in the 
wetter year (27.7%). Indeed, for chickpea genotypes grown under Mediterranean rainfed 
conditions, PC generally turned out to be a stable trait within the ones investigated and 
was more influenced by genotypic variability rather than environmental effects. Indeed, 
no differences were observed between the two cropping systems (Table 5). 

As for the physicochemical properties of flour, the effect of genotype generally 
prevailed over the other ones (Table 2). The mean effect of crop year was significant only 
under the CCS (Table 3); however, the changes between 2014 and 2015 were not signifi-
cant for any genotype (Table 4). An interesting genotypic variability was observed with 
black-seed Nero Senise, showing the highest water-holding capacity (WHC) in all the 
investigated agronomic and environmental conditions. Values observed in the two crop 
years were comparable and ranged from 1.19 to 1.72 g water retained per g of flour. No 
differences between the mean values of the two cropping systems (CCS vs. OCS) were 
observed (Table 5). 
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Table 2. Analysis of variance relative to the effect of genotype (G), year (Y) and of their interaction 
under the conventional cropping system (CCS) and the organic cropping system (OCS). 

Parameter  CCS   OCS  
 G Y G x Y G Y G x Y 

GY *** *** ns * *** ns 
GW *** *** ns * ns ns 

GNO *** *** * *** *** ns 
GNU *** *** * ** *** ns 

PC * *** * * *** ns 
WHC *** * * *** ns ** 
7s-C *** * *** ** ** ns 
7s-V *** *** *** ** *** *** 
11s-L *** *** *** *** *** *** 
lect *** *** *** *** ns *** 

2s-alb *** ** * ns ns ns 
7s-V/11s-L *** *** *** *** *** *** 

GY = grain yield; GW = grain weight; GNO = grain number; GNU = grain nitrogen uptake; PC = 
protein content; WHC = water-holding capacity; 7s-C = convicilin; 7s-V = vicilin; 11s-L = legumin; 
lect = lectin; 2s-alb = 2s albumin; 7s-V/11s-L = ratio between 7s vicilin and 11s legumin. Level of 
significance: ns = not significant; * p ≤ 5%; ** p ≤ 1%; *** p ≤ 1‰. 

Table 3. Effect of genotype and year on agronomic and quality parameters of chickpea genotypes grown under the con-
ventional cropping system (CCS) and the organic cropping system (OCS). 

CS Factor Level GY GW GNO GNU PC WHC 7s-C 7s-V 11s-L lect 2s-alb 7s-V/11s-L 
   kg ha−1 mg no. m−2 kg ha−1 % g g−1 % % % % % ratio 

CCS Genotype Calia 1391 b–d 301 c 4507 bc 53.8 b–d 23.6 ab 1.47 b 7.0 b–d 39.2 a 24.7 c 14.5 b 5.9 bc 1.88 a 
  Kairo 1717 a–c 312 c 5484 b 65.8 ab 23.8 ab 1.34 b 7.7 a–c 39.3 a 24.0 c 15.8 a 5.0 c 1.97 a 
  Nero Senise 2050 a 234 d 8762 a 77.0 a 23.6 ab 1.68 a 7.3 a–d 24.5 b 37.3 b 10.7 e 7.5 a 0.85 b 
  Pascià 1361 b–d 382 b 3403 c 51.2 b–d 22.3 b 1.33 b 7.0 b–d 23.0 b 37.3 b 13.0d 5.2 c 0.81 bc 
  Principe 1617 a–d 378 b 4243 bc 63.5 a–c 24.5 a 1.40 b 6.2 d 21.0 d 39.3 a 14.3 bc 5.7 c 0.69 d 
  Reale 1176 cd 429 a 2715 c 44.3 cd 23.2 ab 1.39 b 7.8 ab 24.2 b 37.3 b 12.7 d 5.3 c 0.88 b 
  Sultano 1834 ab 306 c 5968 b 69.7 ab 23.5 ab 1.42 b 6.5 cd 20.7 d 40.8 a 11.0 e 7.2 ab 0.67 d 
  Vulcano 1074 d 284 c 3539 c 42.5 d 24.8 a 1.46 b 8.5 a 20.7 d 39.8 a 13.5 6.0 bc 0.75 cd 
               
 Year 2014 1060 b 310 b 3645 b 38.6 b 22.7 b 1.40 b 7.0 b 25.9 b 36.8 a 12.5 b 6.3 a 1.00 b 
  2015 1995 a 347 a 6010 a 78.3 a 24.6 a 1.47 a 7.5 a 27.2 a 33.4 b 13.9 a 5.6 b 1.12 a 

OCS Genotype Calia 573 bc 355 a–c 1661 c 21.0 bc 23.2 b 1.38 b 7.3 a 42.3 ab 23.2 d 12.5 ab 7.0 a 2.15 a 
  Kairo 714 a–c 321 b–d 2196 a–c 26.8 a–c 24.1 ab 1.39 b 6.3 b 41.5 a–c 26.5 a 12.7 ab 6.2 a 1.82 c 
  Nero Senise 802 ab 244 d 3288 a 30.0 ab 23.7 ab 1.60 a 6.2 b  42.7 a 24.3 b–d 10.3 d 7.2 a 2.01 ab 
  Pascià 649 a–c 432 a 1505 c 23.2 a–c 22.6 b 1.34 b 7.0 ab 39.7 c 27.0 a 13.3 a 6.5 a 1.77 c 
  Principe 763 a–c 370 a–c 2061 bc 31.3 ab 25.8 a 1.32 b 6.3 b 40.0 bc 26.2 ab 11.0 cd 6.8 a 1.78 c 
  Reale 627 a–c 400 ab 1700 c 23.5 a–c 23.3 ab 1.34 b 6.5 ab 43.0 a 24.5 b–d 11.0 cd 6.7 a 2.03 ab 
  Sultano 902 a 313 cd 2860 ab 33.7 a 23.4 ab 1.42 b 6.5 ab 41.3 a–c 24.0 cd 11.3 cd 6.3 a 2.00 ab 
  Vulcano 485 c 315 cd 1561 c 18.0 d 23.4 ab 1.37 b 6.7 ab 40.0 bc 25.3 a–c 12.0 bc 6.8 a 1.88 bc 
               
 Year 2014 525 b 338 a 1670 b 21.0 b 24.9 a 1.41 a 6.3 b 39.8 b 26.5 a 11.8 a 6.4 a 1.76 b 
  2015 853 a 350 a 2538 a 30.8 a 22.5 b 1.38 a 6.9 a 42.8 a 23.7 b 11.7 a 6.9 a 2.10 a 

CS = cropping system; CCS = conventional cropping system; OCS = organic cropping system; GY = grain yield; GW = 
grain weight; GNO = grain number; GNU = grain nitrogen uptake; PC = crude protein content; WHC = water-holding 
capacity; 7s-C = convicilin; 7s-V = vicilin; 11s-L = legumin; lect = lectin; 2s-alb = 2s albumin; 7s-V/11s-L = ratio between 
vicilin and legumin. Values of each parameter followed by different letters are significantly different according to Tukey’s 
test. 
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Table 4. Effect of the interaction genotype (G) x year (Y) of chickpea varieties grown under the conventional cropping system (CCS) and the organic cropping system (OCS). 

Genotype GNO GNU PC WHC 7s conv 7s vicil 11s leg lect 2s alb 
 n. ha−1 kg ha−1 % g g−1 % % % % % 

CCS 2014 2015 2014 2015 2014 2015 2014 2015 2014 2015 2014 2015 2014 2015 2014 2015 2014 2015 
Calia 2934 e–h 6080 a–d 29.0 e–g 78.7 a–d 22.1 a–c 25.1 a 1.45 a–d 1.48 a–d 6.7 c 7.3 bc 37.0 b 41.3 a 26.0 f 23.3 fg 15.7 a 13.3 cd 6.9 ab 5.0 b–d 
Kairo 4373 c–g 6595 a–c 49.0 c–f 82.7 ab 22.9 a–c 24.7 ab 1.19 d 1.48 a–d 7.7 a–c 7.7 a–c 41.7 a 37.0 b 23.0 g 25.0 fg 15.3 ab 16.3 a 5.0 b–d 5.0 b–d 

Nero Senise 8676 a 8848 a 68.7 a–d 85.3  ab 23.6 ab 23.5 ab 1.72 a 1.64 ab 7.7 a–c 7.0 bc 24.0 d 25.0 d 38.7 b–d 36.0 de 8.0 g 13.3 cd 7.4 a 7.5 a 
Pascià 1928 gh 4877 b–f 22.7 fg 79.7 a–c 20.0 c 24.5 ab 1.28 cd 1.39 a–d 7.0 bc 7.0 bc 22.0 e 24.0 d 38.7 b–d 36.0 de 12.0 de 14.0 bc 6.0 a–d 4.5 cd 

Principe 3462 d–h 5023 b–f 47.3 d–f 79.7 a–c 24.1 ab 25.0 a 1.32 b–d 1.49 a–d 6.3 c 6.0 c 20.7 ef 21.3 ef 40.7 bc 38.0 cd 12.3 de 16.3 a 6.5 a–c 5.0 b–d 
Reale 2090 f–h 3339 d–h 30.0 e–g 58.7 b–e 21.6 bc 24.9 a 1.49 a–d 1.28 cd 6.7 c 9.0 a 21.3 ef 27.0 c 41.0 b 33.7 e 11.3 ef 14.0 bc 6.5 a–c 4.0 d 

Sultano 4307 c–h 7629 ab 47.0 d–g 92.3 a 22.7 a–c 24.4 ab 1.38 b–d 1.45 a–d 6.7 c 6.3 c 20.7 ef 20.7 ef 41.3 b 40.3 bc 12.0 de 10.0 f 6.5 a–c 8.0 a 
Vulcano 1388 h 5690 b–e 15.3 g 69.7 a–d 24.8 a 24.8 a 1.38 b–d 1.53 a–c 8.0 a–c 9.0 a 20.0 f 21.3 ef 44.7 a 35.0 e 13.0 cd 14.0 bc 6.0 a–d 6.0 a–d 

OCS 2014 2015 2014 2015 2014 2015 2014 2015 2014 2015 2014 2015 2014 2015 2014 2015 2014 2015 
Calia 1055 d 2267 a–d 13.3 d 28.7 a–d 23.7 a–c 22.7 bc 1.45 b–d 1.32 c–e  7.3 a 7.3 a 43.0 a–c 41.7 a–c  22.7 c 23.7 c 13.3 bc 11.7 c–f 7.5 a 6.5 a 
Kairo 1291 cd 3101 a–c 16.3 cd 37.3 ab 25.5 a–c 22.7 bc 1.30 c–e 1.47 bc 6.0 a 6.7 a 40.0 b–d 43.0 a–c 28.0 ab 25.0 bc 10.3 fg 15.0 ab 6.9 a 5.6 a 

Nero Senise 3218 ab 3359 ab 30.7 a–d 29.3 a–d 25.8 ab 21.7 c 1.68 a  1.52 ab 6.3 a 6.0 a 42.3 a–c 43.0 a–c 25.0 bc 23.7 c 11.3 d–f 9.3 g 5.5 a 9.0 a 
Pascià 1064 d 1947 a–d  17.0 cd 29.3 a–d 23.2 bc 21.9 bc 1.39 b–e 1.29 de 7.0 a 7.0 a 34.3 e 45.0 a 30.0 a 24.0 c 15.3 a 11.3 d–f 5.6 a 7.5 a 

Principe 1922 a–d 2200 a–d  29.7 a–d 33.0 a–c 27.7 a 23.8 a–c 1.39 b–e 1.27 e 6.0 a 6.7 a 39.3 cd 40.7 b–d 28.0 ab 24.3 c 10.7 e–g 11.3 d–f 6.6 a 7.1 a 
Reale 1559 b–d 1841 a–d 22.0 b–d 25.0 a–d 24.3 a–c 22.4 bc  1.32 c–e 1.36 b–e 6.0 a 7.0 a 42.3 a–c 43.7 ab 25.7 bc 23.3 c 10.3 fg 11.7c–f 6.5 a 6.8 a 

Sultano 2179 a–d 3542 a 26.0 a–d 41.3 a 24.0 a–c 22.8 bc 1.43 b–e 1.41 b–e 6.0 a 7.0 a 40.0 b–d 42.7 a–c 25.0 bc 23.0 c 12.3 c–e 10.3 ef 6.0 a 6.5 a 
Vulcano 1073 d 2048 a–d 13.3 d 22.7 a–d 24.6 a–c 22.1 b–c 1.33 c–e 1.42 b–e 6.0 a 7.3 a 37.0 de 43.0 a–c  28.0 ab 22.7 c 11.0 f–g 13.0 cd 7.0 a 6.5 a 

CCS = conventional cropping system; OCS = organic cropping system; GY = grain yield; GW = grain weight; GNO = grain number; GNU = grain nitrogen uptake; PC = 
crude protein content; WHC = water-holding capacity; 7s conv = convicilin; 7s vicil = vicilin; 11s leg = legumin; lect = lectin; 2s alb = albumin. Values of each parameter 
followed by different letters are significantly different according to Tukey’s test. 
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Table 5. Mean changes of agronomic and quality parameters between the conventional cropping 
system (CCS) and the organic cropping systems (OCS). 

Parameter Unit CCS OCS OCS vs. CCS 
GY kg ha−1 1527 ± 93 689 ± 37 −58% 
GW mg 328 ± 9.4 344 ± 9.5 5% 

GNO no. m−2 4827 ± 346 2104 ± 137 −56% 
GNU kg ha−1 58.5 ± 3.8 25.9 ± 1.3 −56% 

PC % 23.7 ± 0.3 23.7 ± 0.2 0% 
WHC g g−1 1.43 ± 0.02 1.40 ± 0.02 −2% 

7s convicilin % 7.3 ± 0.2 6.6 ± 0.1 −10% 
7s vicilin % 26.6 ± 1.1 41.3 ± 0.4 55% 

11s legumin % 35.1 ± 0.7 25.1 ± 0.2 −28% 
lectin % 13.2 ± 2.2 11.8 ± 1.7 −11% 

2s albumin % 6.0 ± 0.3 6.7 ± 0.2 12% 
7s-V/11s-L ratio 1.06 ± 0.2 1.93 ± 0.1 82% 

GY = grain yield; GW = grain weight; GNO = grain number; GNU = grain nitrogen uptake; PC = 
crude protein content; WHC = water-holding capacity; 7s-V/11s-L = ratio between 7s vicilin and 11s 
legumin. For each parameter, mean values and standard errors are reported. 

3.2. Changes in Chickpea Protein Composition 
SDS-PAGE allowed to discriminate the relative expression of the globulin-like (7s 

convicilin, 7s vicilin and 11s legumin) and albumin-like (lectin and 2s albumin) fractions 
in the different chickpea genotypes grown under the organic (ORG) and conventional 
(CONV) farming systems. A higher prevalence of globulin-like proteins was observed for 
all genotypes under all the agronomic and environmental conditions. Vicilin and legu-
min were the most abundant fractions, followed by lectin, convicilin and 2s albumin, as 
shown in Table 4. The effect of the environment (year), under both the CCS and the OCS, 
resulted in a slightly higher legumin abundance in the less productive 2014, while the 
other fractions showed an opposite trend (Table 3). 

A differential response of the chickpea genotypes was observed in relation to the 
expression of 7s vicilin and 11-S legumin under the two contrasting cropping systems 
(Table 3). In particular, a higher vicilin content was observed under the OCS with respect 
to the CCS (+55%); indeed, under the CCS, all genotypes showed values ranging between 
20.0% and 25.0%, except for Calia and Kairo, which showed a significantly higher ex-
pression (39.2%, Table 3). On the other hand, a higher mean range occurred under the 
OCS (34.4–43.0%). The 11s legumin fraction generally showed an opposite behavior with 
respect to 7s vicilin, with a -28% mean decrease under organic management with respect 
to the conventional one (Table 5). On average, Calia showed the lowest legumin expres-
sion, under both cropping systems (Table 4). 

The proportion of the two main fractions was also evaluated and expressed in terms 
of vicilin-to-legumin ratio (7s-V/11s-L), as reported in Figure 2. Except for Calia and 
Kairo, under the CCS, values of the ratio were generally below 1.0; on the other hand, 
7s-V/11s-L was markedly higher under the OCS (+82%, Table 5). 
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Figure 2. Ratio between 7s vicilin and 11s legumin expression (7s-V/11s-L) in eight chickpea gen-
otypes grown in a two-year field trial (2014, black; 2015, gray) under conventional (CCS, (a)) and 
organic (OCS, (b)) cropping systems. In each cropping system, values of each parameter followed 
by different letters are significantly different according to Tukey’s test. 

As for lectin relative abundance, on average, Nero Senise showed the lowest values 
under both cropping systems. Furthermore, a higher range was observed under the CCS 
with respect to the OCS (8.0–16.3% CCS vs. 9.3–15.0% OCS, as reported in Table 4), with 
higher mean values (Table 4). A comparable trend was observed for 7s convicilin that, 
under the CCS, ranged from 6.0% to 9.0%, with higher mean values for Vulcano, while 
under the OCS, a more reduced range (6.0–7.3%) was observed (Table 4), with no geno-
type showing changes between crop years. On average, a slightly lower content was ob-
served under the OCS (-10% relative to the CCS, Table 4). 

As for the low molecular weight 2s albumin, different mean values were observed 
between crop years only under the CCS (6.4% in 2014 vs. 5.6% in 2015); under the OCS, 
no significant differences were observed between genotypes in interaction with crop 
year, and mean values were slightly higher (+12%) than from the CCS (Table 4).. 

3.3. Relationship between Chickpea Protein Composition and Agronomic Traits 
The results of the multiple regression analysis between agronomic and quality traits 

are reported in Table 6. GY, which strongly correlated with GNO and GNU rather than 
with GW, also showed a positive correlation with legumin and a negative correlation 
with vicilin and the 7s-V/11s-L ratio. PC, which did not show marked variability, showed 
no significant correlation with the expression of any identified protein fractions; howev-
er, a negative trend with 2s albumin was observed. As for WHC, a positive correlation 
was observed with PC while negative with GW and 7s-V/11s-L ratio. 
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Table 6. Matrix of correlation between agronomic parameters, protein content and composition. 

 GW GNO GNU PC WHC 7s-C 7s-V 11s-L lectin 2s-alb 7s-V/11s-L 
GY −0.10 0.93 0.99 0.13 0.31 0.25 −0.45 0.33 0.22 −0.14 −0.39 
GW  −0.38 −0.10 −0.10 −0.41 0.07 0.02 −0.04 0.23 −0.24 0.02 

GNO   0.92 0.10 0.46 0.22 −0.41 0.31 0.06 0.00 −0.35 
GNU    0.22 0.33 0.25 −0.45 0.38 0.23 −0.16 −0.39 

PC     0.25 0.02 −0.03 0.04 0.00 −0.20 −0.07 
WHC      −0.04 −0.15 0.15 −0.09 0.06 −0.25 
7s-C       −0.16 0.07 0.29 −0.22 −0.06 
7s-V        −0.96 −0.08 0.09 0.98 
11s-L         −0.04 −0.06 −0.98 
lectin          −0.42 −0.02 
2s-alb           0.09 

GY = grain yield; GW = grain weight; GNO = grain number; GNU = grain nitrogen uptake; PC = protein content; WHC = 
water-holding capacity; 7s-C = 7s convicilin; 7s-V = 7s vicilin; 11s-L = 11s legumin; 2s-alb = 2s albumin; 7s-V/11s-L = ratio 
between 7s vicilin to 11s legumin. Bold numbers indicate R values with level of significance at p ≤ 5%. 

4. Discussion 
The results from the field trials showed a marked influence of genetic variability and 

environment and suggested an effect of crop management on grain yield and its com-
ponents. The highest productivity achieved by chickpea genotypes, under lower rainfall 
conditions, is in agreement with a previous study in Mediterranean environments where 
the authors observed that the highest seed yield was obtained with about 390 mm of 
rainfall and that wetter conditions led to a decrease in crop production [20]. The authors 
suggested that excessive rainfall may led to a negative effect due to waterlogging on 
chickpea plants. Similar results were obtained in the same environment with different 
irrigation regimes: irrigation application greater than 170 mm decreased chickpea GY 
and water use efficiency as well due to ascochyta blight (AB) infection [21]. Furthermore, 
in another study on chickpeas grown under Mediterranean conditions [6], the authors 
stated that the lower production under wetter conditions might also be ascribable to 
higher biotic stress pressure. Under our experimental conditions, the higher rainfall was 
associated to a higher weed pressure that competed for nutrient availability and AB that 
limited the crop development. Insufficient crop soil nutrient availability and the effects of 
diseases and pests are generally associated to a significantly low grain yield under or-
ganic management [22]. Indeed, conditions of optimal humidity and temperature during 
reproductive stages can be favorable for AB, with possible loss of production [23]; this 
helps to explain the large gap between CCS and OCS that occurred in the wettest year. 
The organic farming condition suffered more from the wetter weather of the first year, 
which stimulated weed growth and, thus, limited nutrients uptake and the radiation in-
terception of chickpeas. 

A wide genetic variability was observed in terms of grain productivity within the 
chickpea genotypes. The best agronomic performances are generally obtained by the 
genotypes with the highest adaptability [8]. In a previous study conducted under Medi-
terranean conditions, the cultivar Sultano showed a higher GY with respect to Pascià [6]. 
Those differences might be also ascribable to genetic AB resistance under specific favor-
able conditions. Furthermore, under our experimental conditions, the cultivar Sultano 
showed an interesting suitability for organic farming, as previously suggested [6], fol-
lowed by Nero Senise. The use of suitable genetic resources may have a key role in 
promoting sustainable crop production, including pulses under low-input organic 
farming systems. 

A reduced variability was observed in relation to PC between CCS and OCS [22], 
which showed an effect of management only under better environmental conditions. The 
higher PC observed under organic farming in the first crop season was inversely related 
to GY, with a consequent N concentration effect in grains [24]. Under conventional 
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management, however, the highest production in the second crop year was consistent 
with the highest PC. This was possibly due to the generally better physiological response 
of the crop that, under less limiting conditions with respect to organic farming (weed 
competition), took advantage of the highest N amount, ordinarily applied before sowing 
in conventional management on chickpea [6]. This practice is recommended within crop 
rotations with cereals, taking into account the reduced N fixation that generally occurs 
with chickpea compared to other pulses [25]. Indeed, N uptake in chickpea is strongly 
influenced by N supply in soil, which, as a consequence, regulates final grain yield [26]. 

Despite a moderate genetic effect on protein concentration, a large variability in 
terms of protein composition was observed in the current study. In recent years, the ev-
idence of an existing genetic diversity in terms of seed protein composition was exploited 
in cultivated pulses, including chickpeas [8,17,27,28]. Most of the information on pulse 
protein composition was obtained by electrophoretic separation and is relative to genetic 
diversity [8,29,30], while less data are available on the effect of environmental [31] or 
agronomic factors [32]. In our study, the interaction of genotypic factor under different 
crop managements (organic vs. conventional) showed a marked significant variability. 
The predominance of 7s vicilin and 11s legumin is in accordance with the literature on 
pulse storage proteins [3,27,33]. Both proteins are classified on the basis of the sedimen-
tation coefficient, and they are generally oligomeric proteins, trimers for 7s vicilin and 
hexamer for 11s legumin [3]. A large variability exists in literature in terms of the preva-
lence of the two proteins. In a study conducted on pea genotypes, a higher proportion of 
vicilin than legumin was observed, in a range from 1.6 to 8.2 [27]; furthermore, in a sec-
ond experiment conducted on pea, a higher legumin prevalence over vicilin was found 
[32]. The values observed in the current investigation (0.63–2.23) are in line with the 
ranges reported in the literature. In our study, vicilin and legumin were mainly respon-
sible for changes in protein composition and were also found to be strongly influenced by 
environmental and agronomic factors. The existence of a significant variability in terms 
of the proportion of 7s and 11s globulins was already observed in pea [32] in relation to 
both environment (crop season and crop site) and management (seed density). The au-
thors observed a negative relationship between 7s-V/11s-L and protein content; this trend 
was in accordance with ours in the most productive crop year, and this ratio was gener-
ally negatively associated to grain yield. In addition, different soil mineral availability 
can also affect chickpea seed composition [34]. 

Changes in chickpea protein composition may have relevance both for technological 
[28] and health aspects [35]. Besides the direct consumption of chickpea as food, there is 
also an increasing interest in the use of chickpea flour as a protein additive in cereal flour 
[36] or as gluten-free flour [37] and also for sustainable goals [38]. Different physico-
chemical tests are adopted to estimate the technological performances of a food matrix. 
Among these, the water-holding capacity is the ability of a protein matrix to absorb and 
physically retain water against gravity by bound, hydrodynamic and capillary interac-
tions [39]; indeed, fiber may also contribute to increase WHC. The values observed in the 
current study are in the range comprised within the literature for pulses [40], with the 
higher values observed in the black and small seeds being in accordance with previous 
findings [10]. The genetic variability found may be a useful basis for industrial applica-
tion, in particular for chickpea flour consumption and also in addition to cereal flours 
with different technological attitudes [41]. The differences in SDS-PAGE profiling may 
help to explain the rheological properties of the flours in order to individuate the major 
protein fractions responsible for technological performance in pulses [16]. The variation 
observed in water absorption capacity in chickpea cultivars is suggested to be due to 
differences in hydrophilic groups in protein concentrates [29]. 

As for health aspects, four peptides (ALEPDHR, TETWNPNHPEL, FVPH and 
SAEHGSLH) obtained from hydrolysate chickpea legumin after digestion have recently 
been proposed for their antioxidant properties [42]; in addition, the 50-kDa subunit of 
vicilin and the 20-kDa basic subunit of legumin were reported as putative chickpea al-
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lergens [43]. The reduced convicilin (7s globulin) content is in accordance with [27], 
which also found no correlation with the amount of vicilin and legumin in pea. 

The reduced lectin variability was associated to lower values in the more productive 
conventional management. Legume lectins, with their rich hydrophobic amino acid re-
gions that allow interactions with other molecules, are known for their antinutritional 
properties [44], in particular their hemagglutinating capacity. However, chickpea lectin 
may depress starch digestion, leading to a lower glycemic index [45]. An interesting 
genotypic variability was found in our study with lower content in the black-seed geno-
type Nero Senise, which showed high adaptability and good productivity in the inves-
tigated Mediterranean environment. 

The 2s albumin, which consists of two subunits, generally accounts for ~10% of 
legume storage proteins, in accordance with the values observed in our study, but ~50% 
of total sulfur content, as cysteine amino acid [7]. Although under our experimental 
conditions, it showed few changes, Nero Senise showed a higher content than other 
genotypes, suggesting a possible implication in terms of amino acid composition with 
more sulfur-rich ones. 

The observed changes in protein composition suggest an important effect of crop 
management, in particular organic farming, associated to genetic differences in terms of 
crop and quality response. These changes seem related to agronomic traits and techno-
logical performances and can be further explored by a proteomic approach. 

5. Conclusions 
The results of this study suggest how organic farming has a marked impact not only 

on crop productivity but also on chickpea protein composition. The observed genotypic 
differences also indicate the presence of a promising genetic variability in terms of suita-
bility to organic farming, possibly due to a higher resistance to abiotic and biotic stresses. 
The cultivars Sultano and black-seed Nero Senise emerged as the most productive, also 
under organic farming. Crop year and agronomic management showed a dramatic im-
pact on grain yield and its components. In addition, this was associated more with 
changes in protein composition rather than content. In particular, a negative correlation 
between grain yield and the ratio of 7s vicilin with 11s legumin proteins was observed. 
The role of these proteins is also related to an allergenic potential of some sub-fractions; 
for this reason, information on the impact of environment and crop management on their 
expression could be relevant for health aspects. Minor changes were observed in terms of 
water-holding capacity, a physical parameter relevant for technological performance, 
mostly related to genetic variability. Chickpea flours with high values might be used to 
enhance the technological value of cereal flour mixtures. Furthermore, an interesting 
genotypic variability was also observed in terms of lectin expression, a protein associated 
to antinutritional properties, with a trend of lower values under organic farming. 

In conclusion, the present study highlights the importance of the choice of geno-
types for cultivation under organic farming and how this can impact not only crop 
productivity but also technological and health quality, in chickpea. Further proteomic 
studies are needed to support these results, under contrasting environmental and man-
agement conditions. 

Supplementary Materials: The following are available online at 
www.mdpi.com/2073-4395/11/2/191/s1, Table S1: Mean of weed plants (number m-2) in conven-
tional (CCS) and organic (OCS) cropping systems on chickpea sampled on 2014 and 2015 at Foggia. 
Table S2: Mean of protein subunit expression of eight chickpea genotypes grown under two con-
trasting cropping systems (CCS vs OCS). 
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